Ligation of both ureters in the dog results, as has been reported briefly in an earlier communication," in extensive systemic lesions similar in every respect to those that follow the ligation of both main renal arteries. Ureteral ligation thus provides an opportunity not available in the latter circumstances for studying the effects of the necrotizing substance on the kidneys themselves. In the present paper the renal lesions will be described, the mechanisms involved in their production will be discussed, and the experimental findings will be considered briefly in relation to the interpretation of changes in the human hydronephrotic kidney.
related functional cardiac changes as demonstrated by the electrocardiogram. The operative procedure requires no further comment than that it was carried out with aseptic technic under nembutal anesthesia and that the ureters were ligated near the bladder. Particular care was exercised at each post-mortem examination to corroborate the position and effectiveness of the ligatures in occluding the ureters. It was found desirable to insert a cannula in the renal end of the ureter and to show that saline would not pass the obstruction and appear at the ureteral orifice.
Through the courtesy of Doctors Winkler, Hoff, and Smith it is possible to report that the blood potassium rose to high levels, reaching 20.5 m.eq. in one dog just before death. The electrocardiographic changes of potassium poisoning were marked and were associated, as will be shown, with extensive anatomical lesions of the myocardium.
The blood non-protein nitrogen rose acutely. The curve conformed to that found after ligation of both renal arteries and was distinct from the slower elevation manifested after bilateral nephrectomy.'7 Observations on blood pressure were available for only one animal. A slight fall, 10 mm.Hg during the first two days, was followed by a total rise of 30 mm. on the third and fourth days. This cannot be regarded as significant.
One animal died at the end of the second day with a huge hematoma of the thigh following puncture of the femoral artery. Another was given intravenous potassium until the serum level of this electrolyte rose to 9.8 m.eq. The ureters were ligated and the dog died 24 hours later. The remaining 12 dogs survived the operation for from four to five days. This period of survival is definitely less than that after bilateral nephrectomy, a more drastic surgical procedure, and is slightly longer than that after bilateral ligation of the renal arteries."7 The survival period is of interest in association with the anatomical changes. They are more extensive, in general, than after ligation of both main renal arteries and probably are associated with the longer postoperative life of the animal. The distribution and extent of the anatomical changes are indicated in Chart XI. No further discussion of these systemic lesions is necessary.
Renal lesions
The lesions of the kidneys are of great interest for, while they are of the same fundamental character, they vary in degree in dif- ferent animals. They contrast sharply with those that follow within the same period after ligation of both main renal arteries, and they offer further bases for the interpretation of the human hydronephrotic kidney. The gross picture of the kidney and ureter will be described first, then the more detailed microscopic findings. The kidneys invariably are enlarged, usually to double their normal size. Their surfaces are more or less covered by a friable, dark red material that extends into the surrounding perirenal adipose tissue and occasionally is found between the capsule and the surface of the kidney as well. The layer of this material is usually only a millimeter or two in thickness. The capsular vessels are prominent and congested. Even when there is no exudate between the surface of the kidney and the capsule the latter strips with ease and usually leaves a smooth surface. The latter is, in general, more translucent than normal with small gray areas and many bright red or dark brown oval markings only a millimeter or two in diameter. Frequently these gray and red discolorations are much more extensive and give the surface of the kidney a map-like appearance (Fig. 31 ). The gray areas may merge imperceptibly into more opaque yellow zones and these are more prominent, as a rule, near the surface of the kidney approximating the hilus. They give the impression of infarcts and this is enhanced by the fact that they generally have a hyperemic peripheral zone. The red areas tend to become dark blue as they increase in size and assume the gross configuration of the gray ones just described. They are located most frequently on the margin of the kidney opposite the hilus.
On section, the increased size of the organ is found to be due only in part to the dilatation of the pelvis of the kidney and its calyces. The parenchyma itself is swollen and both the cortex and the pyramids participate, although the cortex seems to predominate. The same increased translucence and the same gray and yellow and red and blue markings, varying from small foci a few millimeters in diameter to large infarct-like areas, are displayed prominently in the cortex. Occasionally a narrow, hemorrhagic wedge extends down through the arcuate zone into the medulla, even to the calyx. Indeed, the pelvic lining and the apex of the pyramid are often sharply demarcated by a dark red zone which varies in width from a delicate line to a band several millimeters wide (Fig. 32 ). The striations of the cortex are obscured and the glomeruli are visible but not prominent. These details may vary in the infarct-like areas of the cortex. The hemorrhagic ones especially may show very distinct cortical striations and very dark red glomeruli. The prominence of the veins, especially in the zone that demarcates the cortex from the pyramid, should be stressed. They are unusually large and often contain friable clots which distend the vessels and project above the cut surface. The pelvis, distended with a cloudy fluid, usually contains a friable material that varies in color from yellow to deep brown ( Fig. 32 ). This may be washed away and red discolorations of the epithelial lining are then exposed. At times the linear, red, subepithelial hemorrhage and the mass in the pelvis seem to be continuous through a narrow channel in the epithelium. Occasionally actual ulceration of the pelvic lining and the tip of the pyramid is encountered. These changes may cause the wall of the pelvis to appear quite thickened and such thickening may be focal or fairly symmetrical, depending upon the extent of the process.
The ureter shows the same general changes described for the pelvis of the kidney; it is dilated, its wall is thickened, and the friable, dark red material described for the surface of the kidney is found also on its outer side and contributes to the general peri-ureteral thickening. Its lunmen contains a cloudy material in which smaller accumulations of the substance found in the pelvis of the kidney may float. It should be pointed out that the lesions of the ureter involve its entire length and that they are more marked near the kidney than at the point of ligation.
The histological picture corroborates the gross findings. The pericapsular thickening and discoloration are the result of irregular broad bands of exudate, composed largely of acidophilic particles and threads with mononuclear cells scattered among them. The lymphatics of the area are distended and the blood vessels engorged. Many of the small vessels show acidophilic changes in their walls. These are prominent and involve the larger arteries and veins in the peripelvic zone. Despite the brief survival period, evidence of repair is found in this pericapsular tissue. New capillaries, wandering cells, and young fibroblasts are abundant.
The cortex, except in the infarcted areas to be described later, is uniformly involved. It is impossible to differentiate change of the subcapsular group of tubules as distinct from the remainder. The proximal convoluted tubules particularly are severely affected. Swollen and finely granular cells indicate an early stage of disinte-gration. The tubule later is devoid of definite cell demarcation and contains only fine granules within its intact basement membrane ( Fig. 34 ). Other types of degenerative change are also found in these cells. Granules of many sizes occur. They are spherical and while some are quite small, others exceed the diameter of a red blood cell ( Fig. 37 ). Their staining is often acidophilic and they recall the well-known picture of colloidal degeneration. At other times they are tinted with the green of the dilute Masson preparation. The nuclei of cells of this variety often are still recognizable, but many evidences of change, such as pyknosis, rhexis, lysis, and active regeneration, are encountered. Occasionally mitotic figures occur without participation of the cytoplasm and giant-cell formation results (Fig. 37 ). The lumina of these tubules vary considerably in size, depending in part upon the condition of the epithelium, which may be flattened in some of the collecting tubules and in the descending loops of Henle. Epithelial debris as well as blood have formed casts in many places. Individual rounded or oval cells with vacuoles and granules of the types already described are also encountered.
It is particularly interesting that extensive changes are also displayed in the tubules of the pyramids. They.may be completely necrotic at the apex and the interstitial tissue may be involved as well ( Fig. 38 ). Then, the vessels and tubules have merely a phantom architecture, staining diffusely with the red of the dye. Such a necrotic area is rich in "shadows" and in disintegrating red blood cells. This change will be discussed later; now it is desirable to emphasize the fact that the collecting tubules contain casts and cellular debris and that their epithelium shows degenerative processes similar to those described for the convoluted tubules. The epithelium also shows evidence of active proliferation ( Fig. 35 ). Large numbers of mitotic figures and giant cells are encountered.
The interstitial tissue of the cortex and of the pyramids is edematous and frequently contains small groups of mononuclear cells. This is more common in the pyramids than in the cortex. Small hemorrhages occur in both of these zones and, as already indicated, they are larger near the tip of the pyramid and the pelvis.
The glomeruli are large. Individual loops of the tuft are conspicuous because they stain intensely with fuchsin and the line of demarcation between their content and their wall often cannot be made out (Fig. 36 ). Occasionally such a loop of the tuft, or the entire tuft, has undergone disintegration and appears as a nuclearfree, red-staining mass of fragments and fine granules ( Fig. 39 ). Other glomeruli may have shrunken tufts and the finely granular material described in the lumen of the tubule may continue into the vacated part of the glomerular space.
It is not easy to differentiate the walls of the smaller vessels of the interstitial tissue when they are embedded in hemorrhage. Occasionally mural necrosis of such small vessels is found in the center of an extravasation of red blood cells (Fig. 40 ). The larger vessels, particularly the veins, often show the mural necrosis now so well recognized and associated with the liberation of the necrotizing substance from the kidney. The endothelium overlying such a lesion in the artery, and more frequently in the vein, may bulge toward the lumen with accumulated red blood cells and mononuclear cells beneath it (see Fig. 17 , Winternitz, Mylon, Waters, and Katzenstein '7) . Lesions of this kind are rare but mural thrombi are frequent. They vary in size and often are occlusive. Such thrombosed veins are encountered in kidneys without gross or histological evidence of infarction ( Fig. 33 ). They are, however, more frequent with infarcts. It is unnecessary to describe them in detail. The usual necrosis of the parenchyma is manifest. Edema and exudation in the interstitial tissue are also present. The vessel walls withstand the phenomena of infarction for a longer time. The striking difference is presented by the glomeruli which remain large and have distended, prominent, and homogeneously stained loops ( Fig. 40 ). Red blood cells lie free in the glomerular space, and some glomeruli show, focally, more extensive lysis (Fig. 39 ). These changes are encountered also in occasional glomeruli of non-infarcted areas. Congestion of glomeruli and interstitial vessels is associated with partial occlusion of the larger veins.
The pelvis contains red blood cells mixed with desquamated epithelium and with some mononuclear cells. Its epithelium may be ulcerated superficially or more deeply, and the necrosis, as has been indicated, may extend to the surface of the pyramid (Fig. 38 ). Intermediary stages are encountered in which the epithelium is infiltrated with red blood cells. Active regeneration of the epithelium, as well as young granulation growing into the necrotic tissue of the pyramid are encountered. The changes in the part of the pelvic wall next to the renal surface also involve the rest of the pelvis and the ureter. The peripelvic exudation, like that of the pericortical 2.1 tissue, extends into the connective and adipose tissue envelope as a fibrin-like exudate containing mononuclear cells, newly formed capillaries, and young fibroblasts. Both small and large vessels may show necrosis of their walls, sometimes associated with hemorrhage.
The gross appearance, more than the microscopic picture, suggests the possibility of infection. Blood cultures were not made during life, but in the later cases cultures were made from the kidney and from the pelvis at autopsy. Occasionally a colon bacillus was found. Unfortunately, no determinations of pathogenicity or cytological response were made with these organisms, which were considered as probably unimportant in the light of lack of histological evidence of bacterial infection. Only edema, fibrin-like material, and necrosis were found (see Fig. 14 
, Winternitz, Mylon, Waters,
and Katzenstein"7). In the presence of infection, as was proved in one animal, the picture was quite different. Abscesses seen grossly in the swollen cortical parenchyma were confirmed histologically. They were composed of typical polynuclear leukocytes and were undergoing autolysis at the centers. Streaks of pus cells were encountered in the tubules of both cortex and pyramids and still others were spread through the necrotic pelvic tip. Another interesting change displayed by this animal was the extension of a large thrombotic mass through both renal veins for some distance up the vena cava ( Fig. 45 ). After the vessels were opened the clot was removed, and sections made of typical areas from the wall of the vein showed extensive damage in the surrounding tissue as well as in the wall, with destruction of the endothelium and the presence of thrombus rich in leukocytes. A hemolytic staphylococcus was recovered in pure culture.
Discussion
This detailed description of the gross and histological changes in the kidney following bilateral ligation of the ureters has seemed warranted because so little information concerning the vascular lesions, induding necrosis, hemorrhage, intrarenal thrombi, and infarct formation, is available in the literature.7 No conclusion seems possible other than that bilateral ureteral ligation is followed by escape of the renal necrotizing substance and that this causes damage not only to the blood vessels of the kidney and ureter but also produces extensive vascular lesions in the body generally. These lesions are slightly more extensive than are those that follow complete ligation of both main renal arteries. The changes of the vascular bed within the kidney, including its pelvis and the ureter, are very marked.
The mechanism responsible for the escape of this necrotizing substance is difficult to explain in the light of the accepted statement that occlusion of the renal vein is not associated with the changes that follow constriction of the artery alone.5 If, as may be supposed, increased intrapelvic pressure is associated with ischemia of the kidney, the veins of the organ should be more easily compressed than the arteries. However, it may be presumed that the intrarenal pressure is not constant, and that it might compress veins and arteries temporarily, the latter perhaps for a shorter period than the veins. Thus, the necrotizing substance might act on the kidney and also escape through the veins during those periods when the intrapelvic pressure did not compress them. Proof that the veins are not compressed constantly is offered by the fact that they may contain large thrombi and that areas of kidney may be quite pale at autopsy. The possibility of absorption of the necrotizing substance by the lymphatic route has not been investigated.
The appearance of other lesions suggests that they are initiated by the necrotizing substance; for example, the prominent fuchsinstaining glomerular loops whose content cannot be distinguished from their walls and which seem to be forerunners of disintegrated glomeruli and also the focal mural lesions of interlobular and arcuate arteries and veins may have such an origin. Similar vascular and glomerular changes are associated with the infarcts, which are quite different histologically from the dead areas of renal tissue that follow ligation of an artery. In the latter case the vascular structures, including arteries, veins, and glomeruli, withstand the impaired circulation better than do the tubular structures. Their architecture remains good for some time, the glomerular tufts are shrunken somewhat, but their nuclear staining is little changed. It seems, therefore, that the glomerular, arteriolar, and venous changes within the kidney whose ureter is ligated must be associated with the necrotizing substance from the kidney.
Lesions of the veins, including the larger veins around the pelvis of the kidney, are more frequent than are those of the arteries. The venous changes probably are the forerunners of the thrombi that are later associated with the infarcts.
The avenue of infection in the single example described requires consideration. It is assumed that the colon bacillus from the other animal was a contaminant, as there was no histological evidence of its presence. The hemolytic staphylococcus, however, cannot be considered in this category. It has been shown by Mallory et al.8 that bacteria injected into the blood stream localize in a kidney whose ureter has been constricted. The presence of the abscesses in the kidney cortex in the animal under consideration and the decrease of the evidence of infection as the pelvis of the kidney is approached suggest that the organism reached the kidney by the hematogenous route. The extensive peri-ureteral change also might prepare the ground for any chance organism that reached this zone and then approached the kidney by the ascending peri-ureteral path. Further studies to determine these relations are now being conducted by Dr. Woodruff in this laboratory.
Finally, these experimental findings, including the damage to the pelvis and the pyramids and also the infarcts, are important for the interpretation of the hydronephrotic kidney of man. The latter, as is well known, may be a symmetrically formed, enlarged organ with fine scarring throughout cortex and pyramids. More often it is asymmetrical and has, besides the fine scarring, dense focal fibrous masses, which may be healed infarcts. A systematic study of human hydronephrotic kidneys has not been made, but in a few instances where they have been studied, organizing and healed thrombi in the large veins of the pelvis and pyramids have been found. In the absence of definite infection, the well-known fibrosis of the wall of the ureter and pelvis of the kidney in hydronephrosis may be the result of healing of the acute reaction caused by the necrotizing substance.
Changes associated with ligation of one ureter or one main renal artery An animal may die after the complete occlusion of one renal artery."7 Such an outcome may occur a few days after operation or it may be delayed a fortnight or more. Associated systemic morphological changes in these circumstances have not been described. Indeed, for many reasons, it may be assumed that such an outcome was unrelated to the procedure.
The influence on the organism of absorption from the ligated kidney must be considered in the light of the known facts. Unreported experiments involving the daily injection of renal extracts into normal dogs indicate that death may occur within the first week or two, the animals exhibiting large, single, and also numerous small, vascular lesions of the viscera including the kidneys. Occluding thrombi associated with mural vascular lesions of large vessels may be present and suffice to explain the immediate cause of death. '7 The fact that changes of this kind occur in an animal with two normal kidneys indicates that like changes also may occur from absorption when one renal artery is ligated and the other kidney is intact.
A recent experiment has strengthened this viewpoint. The dog was a control in a series under study by Doctors Hoff, Smith, and Winkler. Clinical observations of importance included no rise of serum potassium and no electrocardiographic changes. On the sixth postoperative day the experiment was terminated. Gross evidence of myocardial necrosis was present in the form of two gray, opaque areas measuring roughly 1 x 0.5 x 3 cm. and located respectively in the septum and posterior wall of the left ventricle near the apex. This was confirmed histologically and mural necrosis of a nearby coronary arteriole was also found. The left kidney, whose ureter had been ligated, was large, as was expected. The dilated pelvis and the swollen parenchyma showed the same general lesions, in milder degree, described for the kidneys in the foregoing pages.
The right kidney seemed unchanged grossly, but with the microscope extensive lesions of glomeruli and tubules and of both cortex and pyramids were found. The tubular epithelium showed both mild and severe degeneration, necrosis, and also regeneration, as evidenced by many mitoses. The glomeruli showed granular exudate in the capsular spaces and also swelling and necrosis of individual tuft loops.
To determine the significance of the above findings, one main renal artery was ligated in a group of animals and in another group one of the ureters was tied. The pressure as well as the non-protein nitrogen of the blood were determined for the individuals in both series before operation and for two days thereafter. The operations require no elaboration; it should only be reported that the ureter or artery, as the case might be, was doubly ligated and sectioned between the ligatures. As it was the objective of the experiment to ascertain whether anatomical change could be demonstrated in the viscera, the dogs were put to sleep with nembutal on the sixth post-operative day, the femoral artery was severed, and the tissues were examined grossly as soon as respiration and regular cardiac function had ceased. Charts XII and XIII include the pertinent findings.
None of the animals showed significant change in pressure or in non-protein nitrogen of the blood after operation; all showed the typical anticipated changes in the kidney, the ureter or artery of which had been ligated.
The contralateral kidney which, it must be emphasized, had not been manipulated invariably showed degenerative changes, complete necrosis of groups of tubules being found in four instances. In only CHART one was there exudate in the glomerular space and necrosis of the tufts. Myocardial lesions were demonstrable in six of the ten hearts. Other focal systemic lesions were few and scattered. Mural lesions of blood vessels were identified occasionally.
The most noteworthy fact arising out of this experiment is that damage occurs in the normal contralateral kidney and in the myocardium after ligation of the ureter or main artery of one kidney. That these effects follow without evident change in pressure, in electrolyte, or in non-protein nitrogen of the blood is significant, since such alterations, if they occurred, might influence the effect of absorption from the operated kidney. It should be pointed out that no lesions of consequence are associated with the marked changes in electrolytes and non-protein nitrogen of the blood which follow complete ablation of the kidneys. On the other hand, the injection of renal extracts into normal dogs does result in severe morphological changes in the absence of altered serum electrolytes and non-protein nitrogen.
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Ra 3 4 i 0 fX 33 .. It seems reasonable to conclude that the effects produced by the ligation of one main renal artery or one ureter are due to absorption from the damaged kidney of substances which obviously are effective even in the absence of demonstrated serum changes and in the presence of a normal kidney.
These experiments confirm another observation that has been indicated in previous studies.'7 Different animals of a single species show wide variation in their physiological and morphological reactions to substances derived from kidney tissues. Studies now under way indicate that while some animals may die within a short time and show marked lesions, others may be injected with increasing amounts of renal extract over a long period without symptoms, and still others may develop clinical evidence of anatomical change from which they may recover and then withstand larger doses of the same extract. This indicates both natural and acquired immunity of different degrees and aids in understanding the variations in lesions encountered in many of the experiments.
One of the unusual features of the histological picture deserving particular comment is the active regeneration of the epithelium both in the convoluted and in the collecting tubules ( Figs. 35 and 37) . This is particularly marked in the collecting tubules of the pyramids in the group of animals included in the next part of this communication, where the facts will be discussed.
The lesions that follow unilateral arterial or ureteral ligation are significant in the light of clinical practice. The recent literature, following the original contribution of Goldblatt,6 contains many references to the subsidence of clinical hypertension after the removal of one ischemic kidney." 2, 3, 9, 11, 12, 13, 14 The causes of decreased blood flow have included narrowing of the mouth of the nmain renal artery, vascular change associated with healed hydronephrosis and pyelonephritis, etc. Such results may be logically anticipated from the experimental evidence. Now the latter goes further; it indicates that chemical agents elaborated by one diseased kidney may induce pathological processes in the myocardium and blood vessels and also in the contralateral organ, and it also shows that the extent of these secondary phenomena vary in individual animals. Consequently, it is not surprising that even more recently the absence of hypertension in the presence of one ischemic kidney should have been reported and also that the removal of one ischemic kidney may have no influence on an existing hypertension. '4 Changes following partial occlusion of both ureters With the marked acute functional and structural manifestations that follow ligation of both ureters and with the milder changes after unilateral occlusion in mind, it was planned to bring about intermediary effects by partial occlusion of both ureters. The Goldblatt clamp was utilized and placed in every instance near the bladder at approximately the same level. Attempts were made to compress all ureters uniformly. The animals were standardized as usual and extra precautions were observed to avoid any possible source of infection. Eleven animals were included in the series. Three died of pneumonia, two dying on the fourteenth postoperative day. One of these (No. 400) showed no clinical evidence of renal functional change and at autopsy only a mild hydronephrosis. The second (No. 419) showed a transient rise of blood pressure which returned to normal and remained at this level. The non-protein nitrogen of the blood rose to 254 mg.%o on the fifth postoperative day and remained high. Bilateral hydronephrosis was complicated by recent necroses of the papillae. Occasional focal mural arteriolar necroses and a small subendocardial left ventricular hemorrhage were the lesions encountered. The third dog (No. 439) lived 21 days. His blood pressure had shown no significant variation; the blood nonprotein nitrogen rose gradually to 130 mg.% on the fifth day and remained at this general level with a remission to 40 mg.7% on the eleventh and twelfth days. Hydronephrosis of marked degree was associated with complete obstruction of one ureter due to the clamp. The wall of the dilated pelvis of the kidney was partly covered with pale yellow, soft material. The other ureter was very slightly distended, as was the pelvis of the kidney. A section of the outer wall of the ureter, about 1 cm. in length, was covered by a fibrinoid exudate. This was located at a point several centimeters above the clamp. A small, left ventricular, subendocardial hemorrhage was the only other gross lesion found. Microscopically this showed muscle necrosis, hemorrhage, and organization of the type to be described later (No. 401). This brief description is offered of the three animals in which pneumonia complicated the picture. What role the renal changes may have played is unknown. The other animals may be divided into three groups, based on the survival time. A tabulation of the pertinent data is given in Chart of consequence, but the non-protein nitrogen rose rapidly and continuously to 210 mg.%. Urine examination on the second postoperative day showed red blood cells and albumin in quantity and the phenolsulphonphthalein excretion was only 10 per cent after two hours. The ureters and kidney pelves were mildly dilated. The latter contained the usual necrotic hemorrhagic material and this was associated with ulceration of the pelvic epithelium and hemorrhages in the apices of the pyramids. The kidneys further showed degeneration, necrosis, and regeneration of the epithelium of both the convoluted and collecting tubules, and the peripelvic veins and intrarenal arterioles presented thrombi and mural necroses. Extrarenal lesions included hemorrhages and edema of the endocardium, arte- In this animal the ureters were not completely occluded and the kidneys formed urine, the blood pressure was not affected, and the elevation in the blood non-protein nitrogen was moderate. Nevertheless, the survival time was only a day longer than after complete bilateral ureteral ligation, and the lesions in the kidneys and in the body generally were severe. One pregnant animal (No. 421) died acutely on the seventh postoperative day. The blood pressure and non-protein nitrogen responded at first as in the previous experiment, but the pressure began to fall on the fourth day and the nitrogen on the fifth. (See Graph VI.) The anatomical picture, both gross and microscopic, was very similar to that displayed in the previous experiment. The renal glomerular lesions were more advanced and included necroses of the tufts. Venous thrombi were more numerous, as were the systemic hemorrhagic and necrotizing lesions. These involved endocardium, f-myocardium, pulmonary artery, lungs, skeletal muscle, and placental site.
No generalization can be made from two animals, one of which was pregnant. It can only be said that these dogs demonstrate that the hemorrhagic and necrotizing vascular and 210 visceral lesions associated with constriction of the COG 421 ea cu renal arteries also occur after constriction of the ureters and that in the latter circumstances the 170 oP < 1 Ekidneys are extensively involved by the patho-150 @10 o logical changes. It should also be noted that 0 0 , these two animals with constricted ureters had 1" /0 shown no significant change in blood pressure and \F mals survived the partial constricso I tion of both ureters for a longer 70 -OR period. No. 427 showed fluctuaso Pr tion in blood pressure from day to 3 day as illustrated by Graph VII. _0_ _ His blood non-protein nitrogen 0s-; 3' 5 7 9 '1 '13 IS 17 rose steadily, with only a brief GRAPHVII. Legend as for Graph VI. remission, and finally reached 462 mg. % on the last day of life. The moderate hydronephrosis was complicated by an extensive perirenal and peri-ureteral hemorrhage, which extended into the sheaths of the psoas muscles. The dilated pelves were covered with the usual yellow-brown, friable accumulation. There were no gross hemorrhages in the kidneys or their pelves. With the microscope the expected changes in the epithelium, including necrosis and regeneration, were seen, the glomeruli were rich in cells and the spaces contained granular amorphous material and swollen, degenerating lining epithelial cells. Occasional intrarenal arteriolar necroses were also found. Extrarenal lesions included a thrombus in a pulmonary artery, mural necroses of vessels in the submucosa of the gastro-intestinal tract and spleen, and organizing hemorrhagic myocardial lesions, particularly beneath the endocardium of the left ventricle. The latter lesions were so much more conspicuous in another animal (No. 401 ) that description will be deferred. Here it is desirable to picture the unusual lesion of the pulmonary artery. Grossly this was an elevated, yellow, oval plaque 0.5 cm. in its long diameter and outlined by an irregular pale red zone. Histologically the intima was thickened and many round cells were scattered through it and the neighboring media. While these cells were intact in places, other foci showed them mixed with unrecognizable cell fragments and bordering necrotic pink-staining areas. Adjacent elastic fibers were swollen and often spread widely apart by fine amorphous granules in the distended connective tissue spaces. Another animal (No. 401), already referred to, is included in this group. He survived 23 days. The blood non-protein nitrogen never attained a very high level ( 1 98 mg. % ) and was not sustained. This was also true of the blood pressure. Anatomically the hydronephrosis was complicated by unilateral perirenal hemorrhage and a mild pyelitis on the opposite side. The outstanding extrarenal visceral lesions were located in both ventricles, where small subendocardial hemorrhages merged into larger golden yellow plaques (Fig. 43 ). Microscopically these consisted of groups of necrotic heart muscle fibers and disintegrating blood undergoing organization (Fig. 44 ). In the granulation tissue, large foam cells were abundant. Iron was demonstrable in these cells and was also intermingled with the necrotic muscle fibers.
These anatomical changes in the pulmonary artery and in the heart, as well as the perirenal and ureteral hemorrhages in the two animals are of particular interest. They represent the more adv-anced processes associated with longer survival of the animals and may aid in the understanding of the lesions of larger blood vessels and of milky thickenings of the ventricular endocardium in the absence of disease of coronary arterioles.
The animals in this group are too few to be subdivided. It is obvious from the dinical charts that they represent no constancy from the standpoint of either blood pressure or non-protein nitrogen values. This is not only true when one animal is compared with another, but it also holds for the same animal at different periods. For example, there may be no significant change in non-protein nitrogen or blood pressure throughout the period of survival. Frequently the non-protein nitrogen rises after the operation and then falls, to rise again in the last days of life. The blood pressure rises less often after the operation and has a tendency to fall below the pre-operative level as the fatal outcome of the experiment is approached.
Correlation between blood pressure and anatomical lesions is not possible. The impression is gained that the terminal rise of the non-protein nitrogen is associated with acute necrotizing changes. This does not mean that the non-protein nitrogen is causatively related to the lesions, but it is possible that the chemical substance responsible for the lesions may be liberated when renal insufficiency expresses itself by high non-protein nitrogen.
Group III. A few lesions hitherto not described in these experiments will be presented. Among the more important are the later changes that occur in the kidneys. Differentiation between the subcapsular cortical areas and the deeper cortical tissues is illustrated by the chronic animals. Necrosis and fibrosis involving all of the structures in the former area are quite common and seem to be related to the more marked thickening of the walls and narrowing of the lumina of the large venous trunks that separate these two zones in the dog's kidney. The gross picture encountered in animals dying acutely after complete or incomplete ligation of the ureters often includes infarct-like areas on the surface which extend through only a part of the cortex. Histologically these cannot be identified definitely, but the fibrotic changes associated with the necrosis of this part of the cortex in the chronic animals indicate the relationship (Fig. 42 ). Every pathologist has seen similar subcapsular fibrosis in the human kidney. The thickening of the walls of the venous trunks may be more marked when the outer cortical zone is fibrosed, but it occurs even when such outspoken change in this area is not present. In the earlier stages characterized by granulation, the lumen tends to remain larger. Later it is narrowed. It is important to record here the absence of polymorphonuclear leukocytic infiltration at any stage of the changes above recounted.
Massive necroses and fibroses have not been encountered in the deeper cortical tissue. This means that animals with the more extensive infarcts have succumbed at an earlier period and that large lesions are probably incompatible with life. Thrombi in various stages of organization are found in the large veins and sometimes in the arteries. Glomeruli with portions of their tufts converted into dense fibrous tissue also occur. The walls of the arteries of the interstitial tissue in general seem thick. To what extent this is due to contraction, to actual increase in number of muscle cells or to the healing process, has not been determined. The interstitial tissue of the cortex, particularly around the vessels, is diffusely thickened and at times may be associated with alternating areas of atrophy and hypertrophy of the tubules, which, especially when dilated, frequently contain pink-staining material that is similar to the colloid of the thyroid. Evidence of regeneration of both the convoluted and collecting tubules of the cortex is manifested both by mitoses and by accumulation of epithelial nests within the lumina.
The changes in the pyramids are even more marked. Granulation tissue, as described in the animals that die acutely, rapidly invades the hemorrhagic necroses so common at the sides of the pyramids and extends into the exudate of the pelvis (Fig. 41 ). The ulcerated epithelium rapidly regenerates, often covers such granulating masses, and becomes hyperplastic. The granulation also replaces the ends of some of the collecting tubules. These are then dilated and show marked evidence of proliferation of their lining cells. Indeed, epithelium may fill the lumina of such collecting tubules. It is not always well preserved and its protoplasm often contains vacuoles and colloid-like droplets. When the process becomes more quiescent, dense fibrous tissue may adjoin the pelvic epithelial lining, replace considerable portions of the pyramids, and enhance the flattening associated with the dilatation of the calyces.
The epithelial regeneration in both the cortex and in the pyramids is so striking that it deserves special mention. Not often encountered in human pathology, it is well recognized as occurring after acute epithelial necrosis in association with mercury poisoning and has been described in the congenital cystic kidney10 and other chronic processes. The literature contains reference to degenerative changes of the convoluted tubules following ureteral ligation of the contralateral kidney."5 More recently a preliminary report, with a review of the literature, by Dustin and Zylberszac has appeared.4 Their study, made with the aid of colchicine and cacodylates, points out active mitoses of the convoluted tubules after extirpation of one kidney and even more active nuclear division in the collecting tubules, especially of the pyramids, after the ligation of the artery of the contralateral kidney. This they explain on the basis of stimulation of the secretory epithelium in the first circumstance and of the excretory epithelium in the other. They do not mention the possibility of an active chemical agent absorbed from the kidney whose artery is ligated and the necrosis it may cause. The experiments induded in this report show mitoses of both the so-called secretory arnd excretory renal tubules and the explanation of their presence is clear from the above discussion.
Animals that survive partial occlusion of the ureters for a longer period show variations in the clinical picture and aid in the correlation of clinical and anatomical study. The differences that are manifested in blood pressure, non-protein nitrogen, and the lesions encountered all have their counterparts in human pathology. The basis for these differences is not evident, but the possible variation in susceptibility of individuals to the absorbed chemical agents, and the ability of the individual to develop immunity seem to be important.
Summary
Dogs survive bilateral ureteral ligation slightly longer than they do ligation of both main renal arteries. The more extensive vascular lesions also involve both large and small intrarenal, perirenal, and peri-ureteral vessels. The intrarenal veins frequently contain thrombi, and when these are occlusive they usually are associated with infarcts of the kidney.
Hyaline necrosis of glomerular loops occurs, particularly in infarcts. They aid in differentiating the latter from infarcts that result after ligation of a main renal artery.
Hemorrhagic necrosis also involves the pyramids, and extension through the pelvic wall is associated with accumulated blood and necrotic material in the dilated pelvis.
Repair of all of the acute processes is instituted promptly. This is evidenced by regeneration of the epithelial lining cells of the tubules in the cortex and also in the pyramids. The epithelium of the ulcerated pelvis also shows active growth, and young granulation tissue invades the necrotic tip of the pyramid, the exudate in the pelvis, the fresh venous thrombi, and all other focal necrotizing lesions.
Lesions of lesser degree, involving also the contralateral kidney, the myocardium, and the walls of the blood vessel, may be demonstrated within a few days after the ligation of the main artery or the ureter of one kidney. These vary considerably in extent for different dogs and as far as is known are not necessarily related to change in blood pressure, non-protein nitrogen, or electrolytes.
Compression of both ureters compatible with the continued excretion of urine may allow an animal to live slightly longer than after ligation of both ureters. Others survive for several weeks and show advanced healing of the acute lesions in all areas of the kidneys and their pelves and also of those lesions in other vessels and viscera. Such healing includes massive fibrosis of the kidney, especially in the outer cortical zone and in the peripelvic wall and adjacent parts of the pyramids, organized thrombi in renal veins, and organization of hemorrhagic necroses of the myocardium and of the mural vascular changes. The usual acute processes also occur and are not infrequently superimposed on healing lesions.
Anatomical changes associated with constriction of the ureters involve the kidneys and their blood vessels and also the perirenal and peri-ureteral tissues. In this way they differ from the lesions induced by constriction of the main renal arteries or the ischemia induced with a cellophane envelope.
The experiments offer further bases for the interpretation of the hydronephrotic kidney and the results to be anticipated from the removal of a single ischemic kidney, results which are associated both with variation in individual susceptibility and in acquired immunity to the chemical agents concerned. Fig. 31 are seen to vary in extent. Some of them involve the cortical zone only, others extend through the cortex, and still others are continued to the dilated pelvis. Note the golden red material attached to the pelvic wall and also the hemorrhage in the pyramid adjoining the pelvic mucosa. A small thrombtus may be seen in one of the dilated arcuate veins. Dog 459. 
